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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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DEVELOPMENT AND JUSTIFICATION OF A HYDRO-IMPULSE
METHOD FOR INCREASING ORE PERMEABILITY
IN CONDITIONS OF URANIUM BOREHOLE PRODUCTION

Abstract. The technology of downhole uranium production used at mining enterprises in Kazakhstan is
described, the factors affecting the decrease in the filtration characteristics of productive formations are studied in
detail, and an effective method is described for increasing the downhole uranium production. The applied methods of
intensification of downhole production at uranium mining enterprises are considered, the positive and negative
aspects of the electroplasma and chemical methods are discussed. Calculations of the working values of the hydro-
wave method of destruction of clogging formations in the well and the parameters of the solution supply during
repair and restoration work are presented. Based on the calculation of the operating parameters, a diagram of the
dependence of the operating cycle of the hydropercussion machine on the flow rate of the water supplied to the
machine is constructed. The developed 3D model of the hydropercussion apparatus for increasing the permeability of
the productive horizon is presented. The advantages of the use of the hydrodynamic method for restoring the
permeability of the productive horizon in the conditions of downhole uranium production in difficult mining and
geological conditions are disclosed. The optimal parameters for intensification of downhole uranium production in
difficult mining and geological conditions are recommended, and a method for using a hydropercussion apparatus in
combination with traditional methods of well regeneration is developed.

Key words: Borewell, filter, clogging, hydraulic impulse, hydraulic machine, shock body.

Introduction. The technology of downhole uranium mining provides for the dissolution of a useful
component at the location of the ore body, followed by the removal of the formed compounds by a moving
stream of solvent from the injection well to the extraction well [1,2]. The practice of operating systems of
geotechnical wells during the operation of uranium deposits by the method of underground drillhole
leaching of uranium (ISL) shows that over time there is a decrease in their productivity. One of the main
reasons for the decrease in the throughput of technological wells is an increase in hydraulic resistance and
a decrease in the filtration characteristics of the reservoir as a result of the formation of clogging, due to
the precipitation of substances dissolved in technological solutions, or mechanical movement of particles
of the ore-bearing horizon, as well as gas release. The experience of operating such wells at the enterprises
of the National Atomic Company (NAC) Kazatomprom JSC shows that the main reason for the decrease
in their productivity and resource is the clogging processes of the rocks in the near-filter zone (NFZ) of the
wells and the filters themselves.

Mechanical clogging is due to the overlap of the water intake openings of the filters with sand, clay,
gravel and the clogging of the pore channels of the formation with mechanical suspensions. Sand and clay
deposited in the well partially or completely overlap the filter. Also, clogging of the filter and the near-
filter zone of the formation with drilling fluids containing clay particles can be attributed to mechanical
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clogging. In this case, the swelling of clay material in the aquatic environment and a change in the
structure of the pore space of the formation [3].

Chemical, ion exchange and gas types of clogging are caused by a change in the chemical
composition of formation waters as a result of the influence of chemical materials used in ISL. The
presence of dissolved calcium, magnesium and iron cation exchangers in water and a violation of carbon
dioxide equilibrium leads to the formation of hardly soluble precipitates. Intensive precipitation of
carbonate sediments occurs in the filter zone, and with distance from them, the intensity of precipitation
decreases [4]. When leaching solutions interact with ore-bearing rocks in the liquid phase, there is an
accumulation (in addition to ore) of a number of elements that make up the main rock-forming minerals.
The amount and kinetics of the transition of these elements into productive solutions depends on the type
of leaching agent, its concentration, redox potential, temperature, solubility of rock-forming minerals, and
the size of the active surface of mineral particles, which largely determines the intensity of mass transfer
in the solution-rock system.

In most cases, sediments, clogging filters and near-filter zones of wells are multicomponent and can
simultaneously contain salts of iron, manganese and their hydroxides, calcium and magnesium carbonates,
silicic acid and sulfides, as well as sand and clay. They are deposited on the surface of the filters and in the
pores of the adjacent aquifers by gravity or adsorbed by surface tension forces. Over time, sludge is
dehydrated and compacted. Deposits have a loose-porous and conglomerate structure and at different
stages of formation and are characterized by different strength and activity to enter into a reaction. The
formation of conglomerate-like sediments is associated with the processes of chemical and mechanical
cementation adjacent to the filter of aquifers or gravel sprinkling with chemical deposits.

The main methods for restoring or increasing the permeability of bottomhole zone rocks during
recovery and restoration work (RRW) are physical, chemical and combined. When choosing the RRW
technology, one should proceed from the possibility of each method of declogging of filters and near-filter
areas of wells. Also, when choosing a workover method, it is necessary to take into account
hydrogeological conditions, drilling technology, well structure, filter and other characteristic factors of the
field.

Review of literary sources. To restore the flow rate of wells by destroying and dispersing clogging
deposits, which prevent the filtration of solutions in the reservoir in difficult mining and geological
conditions, electrohydrodynamic methods of well regeneration are widely used. Table 1 shows the main
methods used for the regeneration of wells in the conditions of ILS of uranium.

Table 1 — Applied RRW methods at uranium mining enterprises

The nature

of the impact Implementation method Main purpose

. Removal of mud, mechanical suspended particles and impurities from
Compressor pumping

Hydrodynamic the bottomhole formation zone (BHZ)
Electroplasma Removal of fine dust particles and clay materials from the BHZ
) Sulfuric acid Dissolution of ferrous and aluminum chemical deposits
Chemical - - - — -
Clay-acid Dissolution of carbonate and silicon chemical and mechanical deposits

Removal of sand plugs from the columns and filter section of the well,
dissolution of chemical deposits, intensification by swabbing,
clarification of solutions by compressor pumping.

Reagent treatments with

Combined ; .
mechanical action

Analysis of the effectiveness of the impact of the electrohydroimpact (EH) method on the bridging
deposits from the literature 5, 6, based on the creation of elastic resonant vibrations by electric discharges
affecting the reservoir. Multiple sequential impulse vibrations in a wide range of frequencies are designed
to destroy and disperse bridging formations and deep penetration and create new fractures in terigenic and
carbonate reservoirs of different porosity and permeability. Also, during EH - treatment of a well, a low-
frequency and ultra-low-frequency effect on the formation and its excitation at dominant frequencies at a
considerable distance from the well occurs, which increases the permeability of solutions in the rock. In an
electric explosion, a breakdown occurs between the electrode gap, in which the solution is located, with
the formation of a rupture channel, the pressure in the channel increases, which is accompanied by its
expansion. After the discharge stage, the channel turns into a gas bubble, which initially expands and then
contracts under the pressure of hydrostatic pressure, creating alternating fluid movements. The main
advantage of this method is that wells with filters made of almost any material, including asbestos-cement,
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nylon or vinyl plastic pipes, can be treated with EH-treatment. Processing filters made of various materials
requires changing the parameters of the power and pressure of the shock wave, its duration and the
number of pulses per 1 m of its length, which determine the efficiency of the electric shock treatment of
the filter. The pressure of the shock wave is mainly determined by the discharge voltage of the coaxial
cable and the discharge gap in the downhole discharge device, adjustable up to 80 MPa, with a frequency
of 1-10 Hz. The duration of the shock wave depends mainly on the capacity of the capacitor bank.
However, the increased requirements for safe work practices, due to high voltage, provide for special
training and additional equipment and devices, registration of work permits for maintenance personnel,
which reduces the productivity of work and reduces the productivity of the installation

In articles 7, 8, reagent methods for restoring the productivity of wells are presented, related to
chemical methods of regeneration. Reagent methods of stimulating the formation are based on the reaction
of aqueous solutions of acids with clogging formations, dissolution and removal of the reaction products
outside the well, usually by airlift pumping. The choice of the type and method of reagent regeneration
depends on many factors, which are determined by the composition and condition of the clogging
sediment, the design of the filter and its condition, the structure of the treated surface. Regardless of the
method of supply, hydrochloric acid HCI is widely used for well regeneration, effectively dissolving
ferrous (Fe,Os, Fe(OH);, FeS) and carbonate (CaCOs;, MgCOs) bridging formations. The optimal working
concentration of the hydrochloric acid solution is selected taking into account the dissolving ability and
the rate of dissolution of the rock and the neutralization of the acid in the composition, corrosiveness and
the magnitude of the formation pressure. In the practice of chemical treatment of wells, the method of
reagent baths and the method of cyclic pressing into the formation are usually used. The reagent bath
method involves pouring an acid solution at the wellhead, which, under the influence of diffusion
processes, penetrates the filter circuit. Application of this method does not require additional equipment
and sealing of the well head. The method of cyclic pushing of an aqueous acid solution into the formation
is more effective than the method of reagent baths, however, it requires the installation of additional
equipment, lowering of pipes and sealing of the well head. The practice of using chemical reagents in the
regeneration of wells showed low efficiency of methods with especially difficult formation conditions
(increased carbonate content of CO,> 2%), sandiness of the well. There is no possibility to regulate the
uniformity of filter cleaning both along the length and along the depth of the near-filter zone, since in the
process of pressing with working solutions the reagent moves along the most permeable sections of the
near-filter zone. In sealed, impermeable cemented formations, reagent methods require additional
intensification of the process by hydrodynamic methods, since this allows to induce deep processes of
acid-rock interaction.

Calculation and justification of operating parameters. The experience of the regeneration of
geotechnical wells in carbonate blocks shows that the main reason for the low efficiency of many
development methods is that each of them is aimed at solving a single problem: clay mud formation, filter
and wellbore zone cleaning. It is necessary for the development to be comprehensive and include
operations to restore the permeability of the near-filter zone and clean the filter from various kinds of
sediment formation. These requirements are met by the pulse-wave method of regeneration, based on the
action on the formation by hydraulic impulses in a solution of chemical reagents.

The generation of hydraulic impulses in a hydroimpact machine involves the use of hydraulic shocks
that occur when the valve closes the fluid flow, produced by a striker on the anvil of the machine
associated with a destructive tool. In this case, the most optimal solution would be to place generators in
the filter zone of the well, i.e. generators must be submerged in the well. When creating a hydraulic
impulse, due to the small gaps between the body of the transmitter and the production string of the well,
due to the high velocity of the ascending flow and the inertial properties of the liquid, a pressure drop is
created and the bridging agents are removed along with the liquid, i.e. In addition to the transfer of force,
the liquid medium additionally removes destroyed bridging agents from the impact zone, which allows
processing a significant part of the volume of the filter zone.

Based on the above parametric data, the average values of the frequency and energy of impacts, as
well as the developed power of the hydraulic impact machine, were determined. The frequency of blows
was determined by the formula 1. The energy of the blow is calculated by the formula 2.

n=—, (1

where: T — time of cycle, s.
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W:’”ﬁz"’ﬁ, @)

where: mg — striker weight; VO - striker speed during different stages of the cycle, cm/s; the mass of the
striker is determined from expression 3.

My ==, G)

where: @ — acceleration of gravity, 9,81 m/s’;
The theoretical power of the machine is calculated from expression 4.

p=n . @)
102

The results are summarized in table 2.

Table 2 — Data of the dependence of the generator parameters on the flow rate of the supplied water

Water supply Total cycle Impact Striker pre-impact Impact Theoretical
consumption time, frequency speed, energy machine power
0, l/min T s n, 1/s Vs m/s w,J P kW
100 0,044 22,7 1,47 6,5 0,14
120 0,038 26,3 1,80 9,7 0,25
140 0,032 31,2 2,10 13,2 0,40

Based on the calculated data obtained, graphs of the dependence of T, V5, and P on Q were built. The
graph is shown in figure 1.
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Figure 1 — Dependences of the operating cycle indicators of the hydraulic hammer machine on the flow rate
of water supplied to the machine. 1 - 7" = f(Q) graph; 2-V,; = f(Q) graph; 3 - P = f(Q) graph

The analysis of the given graphs showed that with an increase in water consumption, almost all cycle
indicators increase, affecting the power of the machine, first of all, the pre-impact speed of the striker. A
decrease in cycle time causes an increase in the pulse frequency, which also contributes to an increase in
machine power.

According to the calculated values obtained and in accordance with the specific conditions of the
well, a prototype of the hydroimpact apparatus was built, shown in figure 2.

a b

Figure 2 — Diagram of a hydroimpact apparatus. a - 3D, b - in section. Where: 1 — body;
2 - connecting adapter; 3 - valve; 4 - sanding rings; 5 - spring; 6 - nozzle holes.

When flushing fluid is supplied through a continuous hose from HDPE to the bottomhole through
adapter 2, flushing fluid creates pressure on the surface of valve 3, which, compressing the spring 5,
moves until a jet of flushing fluid is fired through the side radial nozzle holes. The valve backstroke is
provided when the mud pump pulsates, and the oscillating back and forth movement of the valve is equal
to the pulsation per minute of a standard exploration mud pump. The failure-free operation of the device is
ensured by the minimum number of moving parts relative to each other, the presence of sanding rings on
the valve's working surface and, accordingly, by the simplicity of the design.

Conclusion. When the front of the reflected wave approaches the surface of the half-space, a wave
arises that travels to the obstacle. As a result of the action of this wave, the compression of the medium is
replaced by tension, the sign of the stress changes, and as a result, the sign of deformation.
Multicomponent media do not withstand tensile deformations exceeding a certain critical value, which is
different in bridging agent with different chemical compositions. Therefore, discontinuity occurs, and the
tensile stresses corresponding to the rupture are usually of the order of the atmosphere.
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In one-dimensional motions with hydro-impulse waves, all parameters depend on one single spatial
coordinate and on time. The main sought functions are, in the general case, the stress tensor components,
the density or volumetric deformation of the medium, and the mass velocity of the shock fluid, and the
determining parameters are the constants entering the model equations and the boundary and initial
conditions of the problem. In a medium with bulk viscosity, the result of the impact action will directly
depend on the properties of the medium, the maximum pressure achieved and, in addition, on the
wavelength. In media with bulk viscosity, the energy losses of waves can be different depending on their
duration, respectively, the shorter the wave is, the smaller the losses during its propagation. This is an
important property of viscous media.

From the analysis of wave propagation, it follows that at all considered distances the wave remains
linearly shock, the maximum values of stress, strain and particle velocity are achieved at the front. Behind
the front, all these quantities decrease, the voltage is distributed according to a linear law, the other
parameters according to nonlinear laws, more slowly than the voltage. The lag of the extreme values of the
deformation and the pulse velocity relative to the stress will not take place, however, a lag and decrease of
these values behind the wave front is possible. The wave parameters at the front (precursor) both with a
further decrease and with an increase in the voltage behind the shock can be obtained analytically without
solving the problem as a whole.

The use of a hydropercussion wave directly, which creates alternating pressures on the inner cavity of
the filter and then near the filter zone from the downhole hydropercussion machine, is the most promising
direction for increasing the efficiency of RRW in technological wells. The use of the hydraulic impulse
method of influencing the sealed formation zone during RRW of geotechnical wells is promising and cost-
effective by reducing the time spent on the technological process and increasing the turnaround cycle.

T. Kyaﬂnbnconl, . Haypbl3ﬁaeBal, K. E.JIeMeCOBl,
T. Kapmanos', V. Kakimos', A. Koubra®

lSa'[bayev University, Anmmarsl, Kazakcran;
°TI". W1. HocoB aThIHaFkl MarHHTOropck MeMIEKETTIK TeXHUKATIBIK YHHBEPCHTETI

YPAH/IbI YHFBIMAJIBIK OHJIPY KAFJJAMBIHJIA KEHHIH OTKI3TIIITITTH
APTTBIPYIbIH T'MAPOUMIIYJILCTIK DJICIH 93IPJIEY ')KOHE HETI3JEY

AHHOTauMsl. ¥YHFBIMAHBIH TYHI alMaFbIHBIH CY3TICiHIH 1IIKi KYBICBIHIA aybICTIANbl KbICHIM JKaCalThIH THAPO-
COKKBLIBI MAIlTMHAHBIH 9CEp €Ty OJICIHIH CHUIATTaMachl MEH JKYMBIC MPHHIUI KEATIPUIreH, Oy Cy3riiepaiH e,
CY3Ti aliMarbIHBIH J1a KOJMATAIUSIChIH TOMCHICTYTe KOMEKTECE/II.

KazakcTaHHBIH OHIIPYIN KOCIMOPhIHAAPBIHAA KOJJAAHBUIATBHIH YPaHIbl YHFBIMAJIBIK OHIIPY TEXHOJOTHSICHI
CHUINaTTaNfaH, eHIMII KabaTTapIblH CY3TUIK CHIIATTaMaJapblH TOMEHJIIETYre acep €TeTiH (haKTopiap >KaH-KaKThI
3epJCICHICH, COHMAl-aK YHFBIMAJBIK YpaHAbl OHMIPYIl apTTHIPYIbIH THIMII OMicCi CHUIATTaFaH. YpaH eHAipyIIi
KOCITOPBIHAApAa YHFBIMANBIK OHIIPYAI KapKBIHAATYIBIH KOJNAHBUIATHIH OMICTEpl Kapajmbl, JEKTP KO3l >KOHE
XUMISUTBIK, OMICTIH OH JKOHE Tepic KaKTaphl TAIKbUIAHIBI. ¥HFBIMAIarbl KOJBMATAIIMSUIBIK TY3UTiMaepai Oy3yabiH
TUIPO TONKBIHABIK SIICIHIH KYMBIC MOHIEPiHIH JKOHE JKOH/CY-KaJIbIHA KENTipy >KYMBICTApBIH JKYPri3y Ke3iHme
epitinaiiepai Oepy mapamerpiepiniy ecentepi kearipiired. XKymbic mapamerpiiepid ecenrtey HeTi3iHIe THAPABIH-
KaJIBIK COKKBI MAITMHACHIHBIH JKYMBIC IIMKJIBI KOPCETKIIITEPiHIH MalInHaFa OepileTiH Cy IIBIFBIHBIHA TOYENILTIri
JUarpaMMachl skacayasl. OHIMII TOPU30OHTTHIH OTKI3TIIITITIH apTTHIPY YIIiH THAPOCOKKBUIBI MammHaHBH 3D Mozeni
kenripinred. Kypnaemi Tay-KeH reoJjOTHSUIBIK JKarmaiyiapjia ypaHIbl YHFBIMAJIBIK OHAIPY JKarmaiyiapblHIa ©HIMII
TOPU3OHTTHIH OTKI3TILITIIH KaJIbIHA KENTIPYAIH TUIPOCOKKBUIBI 91iCIH KOJAAHYIBIH apThIKIIBIIBIKTAPHI AIIbLIJIbI.
Kypaeni Tay-keH reojorisuibIK JKaFaaiaap/a ypaHabl YHFBIMAIBIK OHAIPYl KapKbIHAATYBIH OHTAMIIBI TapaMeTpIie-
Pl YCHIHBUIIBI JKOHE YHFBIMANIApIbl KAJIIbIHA KEJITIPYAiH IOCTYPIi 9ficTepiMeH YiJIeciMae TUAPOCOKKBLUTBI MAIITIHA-
HBI KOJIJIaHy S7licTeMeci a3ipIeHi.

Cy3riHiH 6TKi3y KaOieTiH KaHe TEeXHOJOTHSIIBIK YHFBIMANAp/bIH CY3Tri skaHbIHAars! aiiMarbiH (OKY 1) kamnmbl-
Ha KeNTIpyAiH HeTi3ri MiHAeTTepiHiH Oipi KaOaTThIH AMHAMHUKACHIH, COHIAW-aK OJApABIH YACYiH, JKbULTaMIBIFBIH
JKOHE BIFBICYBIH €CKEPE OTBIPBII, TYHBIKTAIFAH OpTara 9Cep €TETIH OHTAMIIbI XKYKTEeMENnep i alKbIHaay OO0JIbII Ta0bI-
najel. Bapiblk OCkl MIamMarnap TeK KaHa TOCKAYybLIFa TYCETiH TOJKbIHHBIH apaMeTpIiepiHe FaHa eMec, COHBIMEH KaTap
KeJEepriHiH MHEePIMIIBIK KOHE JKUUTIK KacheTTepiHe Ae OalmaHbICTHL. YpaH KEHIH OHAIPY JKOHE SKCIIEPHMEHTTIK
3epITeysep Ke3iHle TEeXHOJOTHSUIBIK YHFbIMANIAPbIH CY3Till aiiMarblH JeKOJbMaTalusuIay YIIiH THIPOUMITYJIBCTI
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omicTi maiimanaHy mapTTapblHA KAaTBICTHl TEOPHSIBIK €peKeNep >KYpri3inmi skoHe Herizmenmi. [mapomymbcrepniy
YHFBIMAJIBIK [CHEPATOPhI APKBLIBI JKY3€re aChIPhLUIATHIH THIPOIYJIbCTIK dCep OPTAHbIH KACHETiHEe OailIaHbICThI aFbIH
KBICBIMBIHBIH THIPOIYJbCI YHFBIMaHBIH OciHeH 0,3 MeTpre AeWiHTi KAIIBIKTBHIKKA Tapaixybl MYMKiH. ['maponm-
MYJIbCTIK arbIHAAP/bIH 9CEPIHEH Ka0aTThIH CY3ri allMarbIHbIH KOJIMATaHTBIHBIH OY3bLIybl aybICHalbl [IUKIJIIK TepOe-
JICTIH cajmapblHaH OONATBHIHIBIFBI KOpceTiireH. ['uapoqMHaMHUKAaJIBIK MOJEIb Cy TOJKBIHAAPBIHBIH OCEPiHEH Cy3ri
Ka0aThIHBIH OTKI3TILITITHIH ©3repy MPOLECiH cunarTaiabl. ['MIpoJiHaMHUKAaIbIK MOJAENIbB/IIH KOMETIMEH ecenTepi
IICIIKEeH Ke3/Ie YHFbIMa/ia j)KoHe pe3epByapAblH KOJIbMATAHTThl aiiMarbIHa THIPOUMITYJIBCTI TOJNIKBIHAAPIIBIH Tapajty
CHIATHIH rpadUKTep TYpiHIE 3ePTTEY YILIiH TEHJEYNIepP aJlbIH/IbL.

Byt ruipoCOKKBLIBI MAIIMHAHBIH TAJTKaHIAy KaOlIeTi TCOPHUSIIBIK KOHE KOMIIBIOTEPIIIK MOJCIbICYMEH pacTa-
nel. Keneci HoTwokenep anblHIbL BipiHIIINEH, THIPOCOKKBUIRI MAlllMHA JEKOJIbMATAIUSHBI JKOFaphUIATYABIH 0acka
KypajmapblHa KaparaHaa oijieKaiaa ThiMii. EKiHINiIeH, COKKBIHBIH dCepi COKKBI 3JIEMEHTIHIH KBICBIMBI MCH COFY
JKHMIJIriHe OainaHbICTHL. Y IIIHIIIIeH, UMITYJIBCTIK aFbIH HEFYPJIBIM YJIKEH 0OoJica, OHBIH TalKaHAay KalijeTi coryp-
JBIM JKOFapbl 0oianel. TepTiHIIIACH, UMITYIBCTIK aFBIHABI KYPalIblH CAallTaMACHIHBIH JHAMETPIiH a3alTy apKbLIBI
kebeitTyre Oonaapl. BeciHImieH, THAPABIUKAIBIK COKKBI JKOFaphl KATTHUIBIKTHIH KOJIBMATAIMSACHIHBIH YKOWBLTYbIH
TE3AETYre KOMEKTECe/i, al a3 LEMEHTTENTeH JKbIHBICTAPbIH OY3bLIybl MMIYJIBCTIK AFBIHHBIH KOFapbUIAYbIMEH
e/19yip KYLICHTLTyl MYMKIH. O3IpJIeHIeH UMITYJIbCTIK IMIPOCOKKBUIBI MAIlIMHA TEPEH YKOHE KOJJIEHEH YHFbIManap-
JIarbl OYpFrbUIAY KBULAAM/IBIFBIHBIH TOMEHIIT1, [IJIAMIBI aJIbII TACTAY CHUSKTHI MOCENENep/Il MENyIiH *KaHa HIesIChIH
YCBIHAIbI JETEH KOPBITHIH/IbIFA KEIJIIK.

Tyiiin ce3nep: yHFbIMa, CY3Ti, KOJIBMATALUs, THAPOUMITYJIBC, THAPO MALIMHA, COKKBI AEHECI.
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PA3PABOTKA 1 OBOCHOBAHUE 'MJAPOUMITYJIBCHOI'O METOJA ITOBBIINEHUS
MPOHUIIAEMOCTH PY/I B YCJIOBUSIX CKBAXKUHHOM JOBBIYA YPAHA

AHnHoTanus. [IpuBeneHo onucanye W IPUHIMI ASHCTBIS METOAA BO3ACHCTBHSA THAPOYIAPHON MAIIMHBL, CO3-
JIArollel 3HaKOIepEeMEHHbIE JIaBJICHHs] Ha BHYTPEHHEW MOJIOCTH (HUIbTpa MPU3a00HHON 30HBI CKBaXKHHBI, KOTOPAs
CIOCOOCTBYET CHMIKCHHUIO KOJbMATAIlUK Kak caMuX (QUIBTPOB, TaK U NPUPHILTPOBO# 30HbI (I1D3).

OmnucaHa TEXHOJIOTHsI CKB)XUHHOM JTOOBIYM ypaHa, IMpUMeHsieMasi Ha JOOBIYHBIX mpenpuarusx KazaxcraHa,
MOJAPOOHO M3y4eHB! (haKTOPHI, BIMSIONINE Ha CHIDKEHHE (DMIBTPALMOHHBIX XapaKTEPUCTUK MPOJYKTHBHBIX IJIACTOB,
a Take onucaH 3(QEKTUBHBI METOJ, NMOBBIIICHHS CKBaXXMHHOW IOOBIUM ypaHa. PaccMOTpeHbI IpUMeHseMble
METO/Ibl MHTEHCU(PHKAIIMH CKBKMHHON T0OBIYM Ha YPaHOZOOBIBAIOIINX IPEIIPHUITHSIX, 00CYKIEHBI MOJI0XKUTEIb-
HBIE W OTPHLATENbHBIE CTOPOHBI AJIEKTPOINIa3MEHHOTO M XMMHUYECKOro Merona. IIpuBeneHsl pacueTsl paboumx
3HAQUYEHWH THAPOBOIHOBOIO METOJA Pa3pyMICHHS KOJIbMATAlMOHHBIX OOpa30BaHMH B CKBaXHWHE M TAapaMeTpOB
MOJa4ll PacTBOPOB MPHU TPOBEICHUH PEMOHTHO-BOCCTAHOBUTEIBHBIX paboT. Ha ocHoBe pacuera paboumx
IapaMeTpoB MOCTPOEHA AUarpaMma 3aBUCHMOCTH MOKa3aTesIel paboyero yKia ruapoyiapHON MaIIuHBI OT pacxona
mojiaBaeMoil B MamnHy Bobl. IIpuBenena paszpaboranHas 3D Monens TMApOyJapHOTO ammapara Ajs MOBBIILICHUSA
IIPOHULIAEMOCTH IPOAYKTUBHOIO TOPU30HTA. PackpbIThl NpeumyllecTBa INPUMEHEHHUS THUAPOYNAHOIO METOJA
BOCCTAHOBJICHU MMPOHUIACMOCTHU NPOAYKTUBHOTO I'OPU30HTA B YCIOBHUAX CKBaXXUHHOM 1106131'-11/1 YpaHa B CJIOKHBIX
TOPHO-T'COJIOTUYCCKUX YCJIIOBUSX. PeKOMeHHOBaHbI OINTUMAJIbHBIC MTapaMETPbI I/IHTeHCI/I(bI/lKaIlI/II/I CKBOKMHHOM JIO6I)I-
YM ypaHa B CJI0XXHBIX TOPHO-TEOJIOTHYECKHX YCIOBUAX U pa3paboTaHa METOIMKA TPUMEHEHHS THAPOYIapHOTO arla-
paTa B COYETaHUH C TPAAULUOHHBIMU METOJAMH PETEHEPALINU CKBAXKUH.

OnHOlf M3 OCHOBHBIX 3a7]ad BOCCTAHOBJICHHSI NPOITyCKHOW CHOCOOHOCTH (puibTpa M NpUQHUIBTPOBOM 30HBI
TexHoiorndecknx ckBakuH (IICB) sBisieTcst onpeneneHne ONTHMAIbHBIX HAarpy30K, AEHCTBYIOIIMX Ha 3aKOIbMa-
TUPOBAHHYIO CpeAy, C YUETOM JUHAMHUKU IUIacTa, a TAKXKE UX YCKOPEHUMH, CKOpOCTEH U cMelleHuil. Bee atu Bennuu-
HBI CYIIECTBEHHO 3aBHCAT HE TOJBKO OT MApaMETPOB BOJHBI, MAIAIONICH Ha KOJBMATaHTHYIO IIperpamy, HO ¥ OT
WHEPLIMOHHBIX U YaCTOTHBIX CBOWCTB caMoil perpasl. beina nposeaeHa 1 000CHOBaHbBI TEOPETUUECKHE TTOJIOKEHUS
HNPUMEHUTENBHO YCIOBUSM HCIIOIB30BAHMS I'MAPOMMITYJILCHOIO METO/A IS JEKOJIbMaTalluy NPHGUILTPOBOH 30HEI
TEXHOJOTUYECKHX CKBA)XUH MPU JOOBIUE yPAHOBBIX Py M IKCIIEPUMEHTAIBHBIX HccIeNoBaHUN. | napoummynscHOe
BO3/ICHCTBUE, OCYIIECTBIAEMOE Yepe3 CKBAXMHHBIM T'€HEpPaTop T'MIPOMMITYJIECOB, B 3aBHCHMOCTH OT CBOWCTBa
Cpelibl, THAPOUMITYJIbCA AABJICHHUS TOTOKA MOXKET PacpOoCTPaHAThLCS Ha paccTosiHue 10 0,3 MeTpa OT OCH CKBaYKUHBI.
[TokazaHo, 4TO paspylleHHe KoJbMaTaHTa MPU(GUIBTPOBON 30HBI IJIACTA I0J] JAEHCTBUEM T'MAPOUMITYbCHBIX CTPYH
MIPOMCXOJIUT 3a CYET 3HAKOIIEPEMEHHOTO IIUKIJIMYeCcKoro kojebanus. CocTaBieHa THAPOJMHAMUYECKas: MOEIb OIH-
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CBIBAIOIICH MpoLIecC M3MEHEHUsI TPOHULAEMOCTH IPHMUIBTPOBOTrO IUIACTA IO BO3ACHCTBHEM THIPOYIAPHBIX BOJH.
[Tpu perueHny 3a1a4 ¢ TOMOLIBIO THAPOIMHAMUYECKOH MOJIEIH, HOJyYeHbl YPaBHEHHUS Ul HCCIESNOBaHUS Xapak-
Tepa pacpoCTPaHSHUs THAPOMMITYJILCHBIX BOJIH B CKBa)KUHE M KOJIEMATaHTHOMN 30HE IUIacTa B BUIE IPaHKOB.

Paspymaromas crocoOHOCTh 3TOr0 TMAPOYIJApHUKA ObLIA MOATBEP)KAEHA TEOPETHYECKH U KOMIIBIOTEPHOM
MOZEIUPOBaHNEMH. BBIIM MONTydeHs! ceayronme pe3ynbTaThl. Bo-IepBhIX, 3TOT IHAPOYAAPHUK HAMHOTO 3¢dek-
THBHEE, YeM [PyrHe WHCTPYMEHTHI AJIs HOBBIMECHHUS AEKONbMaTaluu. Bo-BTOpBIX, yaapHbI 3QQEKT 3aBHCUT OT
JaBJICHUA W 4YacCTOThbl YyJapa YyAapHOI'0 3JIEMCHTA. B-TpeTLI/IX, 4ycM 60.]'[])]]16 UMIyJibCHasg CTpys, TEM BbIIIC €€
paspyliaronias CrnocoOHOCTh. B-ueTBepThiX,. MIynbcHas CTpysl MOXET OBbITh YBEIMYCHA 32 CUET YMEHBIICHUS
JMaMeTpa CoIlUla HHCTPYMEHTa. B-IATHIX, THApaBIMYECKUH yap MOXeT IIOMOYb YCKOPUTH pa3pyLIeHHe KOJbMaTa-
LIMM BBICOKOM TBEPIOCTH, a pa3pylIeHHE MEHee IIEMEHTUPOBAHHBIX MOPOJ MOXET OBITh 3HAYUTEILHO YCHJICHO 3a
CYET YBEIIMUCHUS UMITYJILCHOU CTpyH. CliesiaH BBIBOJ O TOM, YTO pa3pabOTaHHBIH MMITYJILCHBINH THAPOYIapHUK JIaeT
HOBYIO MJCI0 JUISl PELICHHsS TaKuX HpoOJieM B IIyOOKMX M TOPHU30OHTAJIBHBIX CKBa)KMHAX, KaK HHU3Kash CKOPOCTh
OypeHus1, O4eBUIHBIHN () (EeKT MPIKUMa CTPYKKH U TPYTHOE YIOaJeHHE IIIaMa.

Karouesie ciioBa: CkBaxkuHa, QUIIbTP, KOIEMATaLMs, THIPOUMITYIIEC, TUIPO MalliHa, yIapHOE TEJIO.
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